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Sheep (Ovis aries), as one of the earliest domesticated ruminant livestock, can effectively make use of plant fibers via the rumen, and provide multiple products such as meat, milk and wool for human. However, molecular mechanism of the digestion and lipid metabolism for ruminants has been largely unexplored. The publishing of the complete genomes of cattle (Bos taurus) in 2009 [1] and later two other ruminant livestock, i.e., yak [2] and goat [3] , have opened a new window to the biology and evolution of ruminants. Quite recently, Science published a high-quality sheep reference genome assembly and its comparisons with those of goat and cattle. The findings identified two sets of genes that are associated with rumen evolution and lipid metabolism, respectively [4] . This study was conducted by an international collaborative team led by Prof. Wang Wen from Kunming Institute of Zoology, Chinese Academy of Sciences, consisting of as many as 63 researchers from 27 institutions in China, USA, UK, EU, Australia and New Zealand. By performing syntenic comparisons across the 11 mammalian genomes (Figure 1 ), the investigators identified 321 expanded gene subfamilies in the ruminant branch, of which 73 were ruminant specific. By further integrating RNA-Seq transcriptome data and a survey of gene structure, the researchers found that multiple ruminant specific genes show copy number variations (CNVs) and/or tissue-specific gene expression, particularly for the genes involved in the evolution Figure 1 Phylogenetic tree constructed from the 4850 single-copy orthologous genes on 4-fold degenerate sites using the MrBayes program. The divergence time before present (Mya) and its confidence interval of the selected species were generated by the PAML McMc algorithm based on the molecular clock model. of rumen and lipid metabolism [4] .
The rumen is a highly specialized organ harboring a complex microbial flora. To my best knowledge, Dr. Jiang and his colleagues for the first time identified several previously not or poorly annotated genes such as TCHHL2, PRD-SPRRII and LCE7A, which are specifically expressed in the rumen [4] . These genes encode proteins related to keratinized epidermal structure development and play important roles in the formation of rumen substrate surface. Identification and characterization of these novel rumen specific structural proteins have provided critical insights into understanding the modified functions during rumen evolution.
Ruminants have a specialized metabolic pathway for the utilization of volatile fatty acids (VFAs), which are their major nutritional resource. Dr. Jiang and his colleagues revealed that in contrast to almost all other mammals (being single-copy), monoacylglycerol-O-acyltransferase (MOGAT3) have multiple duplicated copies in the genomes of cattle, sheep and goat. Different copies of the gene show highly differentiated levels of expression between skin and liver or duodenum in sheep. However, MOGAT3 is an important liver enzyme in human and no expression of functional MOGAT3 was detected in human skin. Thus, the expression of MOGAT3 in ruminant skin indicates that there may be an alternative pathway for triacylglyceride (TAG) synthesis [4] .
The sheep complete genome was sequenced after other widespread livestock such as cattle, horse, pig, and goat. The sheep multi-omics integrated study by Jiang et al. [4] provided novel insights into the genetic basis of ruminant biology from the aspects of digestion, lipid metabolism, wool follicle development and reproduction. To meet the increasing global demand of mutton consumption, breeders can take better advantage of genomic information by applying molecular marker assisted breeding (MAS) for e.g. specialized mutton sheep. In 2013, ~4000000 tons of mutton was produced in China, accounting for ~32% of the world's total mutton production. Meanwhile, ~259000 tons of mutton, being ~20% of the world trade volume of sheep meat, was imported into China. The National Meat Development Plan (20132020), which was issued by the National Development and Reform Commission (NDRC) of China, aimed to increase the mutton production from 4000000 tons to 5180000 tons by the end of 2020. Along with the implementation of the grazing ban in order to restore the grassland since 1999, it would be particularly necessary to accelerate the application of whole genome information in marker-assisted breeding for specialized mutton sheep in China in the near future.
